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!• SUMMART 


It is proposed to undertake an additional task on the Ferrite Antenna 
Development Program presently underway. The present program is described in 
a "Proposal for Ferrite Antenna Development" and designated by 


dated January 19^6, A continuation is described in "Proposal 


for Additional Ferrite Antenna Development, Phase C" designated by 


dated May 1956, Briefly the work under these proposals is as 


follows I 


Ihase At (l) Design, construction and delivery of twenty narrow 
band units, timable over a calibrated spectnim of $0 to 2^0 rocps. 

(2) Design, construction and delivery of ten wide band (^0 to 
2^0 mcps) units. 


Bt Investigation of the feasibility of a broadband ferrite 
antenna covering the frequency spectrum 3 to 30 mcps. 

Phase C: Investigation of the applicability of ferrite antennas 
to very low frequencies, nominally 300 to 300,000 ops. 


Ihe additional task described in this proposal is to r*un concurrently with 
Phases A and B and will be of approximately three months duration. Ihe addit- 
ional task is to design and fabricate an antenna system which will provide a 
bandwidth of 2 kilooycles and will operate at a center frequency of approximately 
25 kilocycles. The operating temperature will be approximately 20 degrees Cen- 
tigrade and the output iji?)edance of the system will be 72 ohms. The conqjlete 
antenna iidll be designed to be readily demountable for a man-pack transport. 


H. PROPOSED PROGRAM 

Several methods appear to offer a possible solution to the problem of 


designing a Vlf" antenna qrstem which will operate at a frequency of approximately 
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2 $ klloc 7 cles and possess the properties of high sensiti'vity and broad band- 
width* One method consists of fabricating an anteiuia ^sten containing appzx)x- 
imately 20 separate demountable ferrite antennas, each having a bandwidth of 
100 cps* Each antenna would be tuned to a slightly different frequent and 
the combination would give a total bandwidth of 2 kilocycles. Attached to 
the base of each antenna would be a low noise transistor preamplifier* After 
preampllflcation a summation of the twen'fy individual signals would be obtained 
by feeding the 20 pre amplif iers Into a summation amplifier* The transistor 
aitplifiers will be explained in more detail in a latter portion of this proposal* 
Figure 1 illustrates how the overall (^stem will be connected, and Figure 2 shows 
how the output from each antenna is combined to give a total bandwidth of 2 kilo- 
cycles* 

Some problems requiring investigation in a system conposed of 20 narrow band 
elements are as follows^ (l) the construction of narrow band -units ha-ving a Q 
of as high as 200 at 2 $ kilocycles is marginal wi-th presently available ferri-te 
materials so that it may be necessary to compromise on a Q of 100 and a 10 
element an-bexma system, (2) the packaging of the antenna elements in such a 
manner as to minimize the effects of mutual coupling, and (3) the selection of 
transistor type and operating conditions to give a noise figrxre for the preanp- 
llfier of as close to zero db as possible* 
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Other methods of designing a VLF antenna system will be considered* One 
very promising method consists of adding a number of relatively low Q ferrite 
antenna elements in series with one capacitor to resonate the total Inductance 
to the desired center frequency of approximately 2$ kilocycles. Ihe series 
element method is illustrated in Figure 3* 



Previous work on ferrite loops by other workers^^^ has indicated the 
desirability of maintaining a high length/diameter ratio in each element and 
adding additional ferrite material by connecting windings of spaced rods in 
series as in Figure 3« Since all elements contribute at all freq'uencies but 
the Q is much lower (Q of approximately 12) an analysis or experinen^ is re- 
quired to determine whether the first or second method gives a greater effec- 
tive height for the antenna system. 


(1) H, Blok and J, J, Rletveld, "Inductive Aerials in Modem Broadcast 
Receivers", Philips Technical Review, Vol. 16, January 19 $$. 
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Still another method vonld itnrolTe an increase in the cross sectional area 
of the antenna. This could be acconqpliahed hy combining a group of wmAnay rods 
into one large bundle as illustrated in Figure U* 



FiaUIB U 

With the configuration of Figure U the pickup hy the antenna would be 
greater due to a larger volume of ferrite material. The antenna would be a 
low Q system and coupled to a transistor preamplifier or possibly directly to 
a 72 ohm line by a suitable impedance transformation. The configuration of 
Figure U does not appear to make as efficient rise of ferrite material as the 
arrangements shown in Figures 1 and 3, 

The final design of the transistor oirotdtzy will be dependant on the 
antenna configuration found most suitable. In view of this, several amplifier 
designs will be described. In the event that a number of separately tuned 
high-Q antennas a]*e used, it will be necessary to have a preaaqplifier for each 
antenna. It has been found experimentally that a conventional grounded emitter 
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transistor amplifier stage having a collector voltage of 5 volts and an emitter 
current of 1' ma* (a commonly used operating point) yields a noise figure of 26 db. 
If the collector voltage is lowered to 1 volt and the emitter current to 100 micro- 
amps the noise figure is reduced to 3 db, which should provide a satisfactory pre- 
amplifier. A diagram of a low noise amplifier stage is shown belowt 



A brief descussion of the problem of summing multiple preamplifier outputs 
will be given, A vacuum tube is essentially a voltage amplifier and the input 
or grid circuit consumes negligible power at low frequencies. The transistor, 
however, is a current (and hence a power) anqplifi cation device and requires power 
to drive it. The low noise criterion necessitates a minimum number of stages, 
and thus iii^}edance matching must be csn^efully observed to ensure maiHimim efficiency. 
The matching of the outputs of the preamplifiers to the input of the summation 
amplifier presents a difficult problem. If it is assumed that the outputs of 
20 preamplifiers are connected in parallel for the purpose of signal addition 
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and that each an^Ufier has an impedance of then the conblned oatpot 

Impedance is Z^20* 




FiaURE 6 

Ihe load in^danoe must be low oonpared to Z^20 or else a giren anqplifier 
will see as its load the oorobined iii^>edance of the other 19 stages and little power 

I 

will be transferred to the load. If Z^ is made small, howerer, poor effiolenoj 

results since the optimum or matched condition for asgr stage Is ■ Z^, A iriiHif ir 

matching problem arises if the outputs of the preamplifiers are connected in series. 
One proposed solution for this problem is as foUowst Again assume that 20 
staggeivtuned antennas am used. These antennas can be dirided into fire groins 
with four antennas in each groig}. The four antennas in each group are chosen so 
that thegr differ in frequency as much as possible. The groups could bei Group 1 •> 

antennas 1, 6, 11, and 16| Group 2 • antennas 2, 7 , 12 and 17| Group 3 - anteimas 

3, 8, 13^ and 18} etc. If the four antennas in eadi group are connected in series, 
each antenna is essentially a short circuit for the other three antennas inasmuch 
as they are tuned to different frequencies. Thus the signal summation within the 
groups can be achieved with little power loss, Va.th this cystmn the summation 
amplifier need only add the signals from the five antenna groups and hence the 
matching problem is considerably reduced. 

Following the summation anpllfier would be as many transistor amplifier 
stages as are necessaiy to bring the signal power to the required level. The 
final stage would be a groxmded collector stage (analagous to the vacuum tube 
cathode follower stage) , This stage has a very low output Impedance for matching 


the 72 ohm line. 
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The ourrent drain for the combined amplifier (preampUfiera^ summation amp- 
llfler^ and additional anplifiers) would be very small - 2 to ^ ma* This should 
ensure long battexy life* 

A block diagram for the completed an^llfler system foUowst 



Pre-amps 


72 Ohms 


FiaURB 7 

If the final antenna design contenplates a single low-Q unit, the transistor 
olrcuitxy reduces to a single anqslifier with the special properties of low noise 
and low output impedance* The low-noise amplifier stage described preriously 
could be used as the first stage of this amplifier* A grounded collector would 
again be used for the output stage* 

The following three-stage amplifier might be constructed for use in antenna 
testing* It incorporates a low-noise ixqout stage and the low impedance output 
stage* This amplifier has a roltage gain of db* iMoh is reasonable consider- 
ing that the voltage gain of the last stage is less than unity* A seoondaxy wind- 
ing of about 10 turns is used to match the antenna to the low impedance Input of 
the transistor* 
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Figure 8 


Proposed methods of testing the antenna wLU be discussed briefly It Is 
assumed that the antenna vlU eotq;>le principally to the magnetic field component 
of a VIF radiated ware^ Therefore^ a loop can be used to generate an Induction 
field idiich vlU simulate far field conditions.. It Is likely that a large loop 
of perhaps 10 feet diameter will be necessary to generate the Induction field for 
testing. The large diameter loop will allow the antenna under test to be placed 
at the center of the loop In known field conditions* If ,lt Is desired to oong>are 
the efficiency of various methods of obtaining a wlde-band VIF antenna, the large 
calibrated loop should be particularly useful. If the frequency and tlnne of 
operation of VIF stations can be determined It will also be desirable to set 
up the antenna and a suitable amplifier In an area sufficiently remote from 60 
cycle hanoonlo fields. 
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CONFlDtlMllAL 


ni. MANPOWER REQUIRMMTS AND WORK SCHEDDIflS 


It Is anticipated that approzLinately 13 weeks will be required for the 
development of a suitable VLF antenna. Whether the final deliverable model 
can be completed within the 13 week period will depend upon the availability 
of suitable quantity of ferrite materials axid/or availability of shop work. 
It is anticipated that two juziior engineers working under the supervision of 
a senior engineer will carry out the basic testing of proposed materials and 
designs. A mechanical designer will work out the details of the demottntable 
antenna for man-pack transport. Following manufacture and assembly of the 
final modeli tests will be conducted to evaluate the performance and guide 
final adjustments. 
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